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ABSTRACT
As one of the most common features in the solar atmosphere, filaments are significant
not only in the solar physics but also in the stellar and laboratory plasma physics. With
the New Vacuum Solar Telescope and the Solar Dynamics Observatory, here we report
on multi-wavelength observations of eruptions of a small (30′′) filament (SF) and its
consequences while interacting with the ambient magnetic features including a large
(300′′) filament (LF). The eruptions of the SF drive a two-side-loop jet that is a result
of magnetic reconnection between the SF threads and an over-lying magnetic channel.
As a consequence of the eruption, the heating in the footpoints of the SF destabilises
the barbs of the LF rooted nearby. Supersonic chromospheric plasma flows along the
barbs of the LF are then observed in the Hα passband and they apparently feed
materials to the LF. We suggest they are shock-driven plasma flows or chromospheric
evaporations, which both can be the consequences of the heating in the chromosphere
by nonthermal particles generated in the magnetic reconnection associated with the
two-side-loop jet. Our observations demonstrate that the destabilisation in the vicinity
of the footpoints of a barb can drive chromospheric plasma feeding to the filament.
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1 INTRODUCTION
Solar filaments (named prominences while they are appear-
ing near and extending above the solar limb) are one of
the most common features in the solar atmosphere. They
are dense, cool and partially-ionized plasma structures that
anchor to the photosphere and extend outwards into the
Sun’s hot corona. They can be clearly seen in the chro-
mospheric emissions, such as Hα passband. Their mainte-
nance in and interaction with the fully-ionized corona can
be of applications in the laboratory plasma. They might un-
dergo instability and eruption that can develop into solar
flares and/or coronal mass ejections (Wang 2006; Chen 2011;
Shibata & Magara 2011; Parenti 2014; Huang et al. 2014;
Benz 2017), thus are of significance in the space weather.
Although solar filaments have been intensively studied for
decades, many puzzles remain unsolved because of the com-
plexity of these phenomena (Parenti 2014; Gibson 2018). Ob-
servations with better and better resolution actually add
more and more puzzles surrounding the phenomena (Gibson
2018), because of their high variability that each individual
⋆ E-mail: z.huang@sdu.edu.cn
can show different dynamics especially in fine scale at the
limit of the instrumental resolution (Parenti 2014).
As a critical puzzle in the physics of solar fila-
ments, their formation and maintenance have attracted
attentions of numerous studies. It has been well estab-
lished that solar filaments are formed in filament chan-
nels along polarity inversion lines (see the reviews by e.g.
Martin 1998; Mackay et al. 2010; Parenti 2014; Gibson
2018). Filament channels are regions where the chro-
mospheric fibrils are aligned with the polarity bound-
ary. They are believed to be the prerequisite for fila-
ment formation (e.g. Gaizauskas et al. 1997; Okamoto et al.
2009; Buehler et al. 2016). They are voids before filament
materials filled in and thus not visible in the remote-
sensing images (see Martin 1998, and references therein).
The magnetic structures of filament channels are believed
to be twisted or sheared arcades and thus provide dips
to support filament plasmas (van Ballegooijen & Martens
1989; DeVore & Antiochos 2000; Gaizauskas et al. 2001;
van Ballegooijen 2004; Wang & Muglach 2007; Su et al.
2010; Jiang et al. 2014; Yan et al. 2015). Therefore, there
are two critical aspects in understanding the formation of
solar filaments. How is the magnetic structure of a filament
c© 2020 The Authors
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channel formed? How are the cool plasmas transferred into
there?
Many efforts have been put on understanding the
formation of solar filaments (see the recent reviews by
Parenti 2014; Gibson 2018). How a solar filament is formed
can be different from case to case (even different from
time to time in a particular case), but some basic pro-
cesses usually occur, including emergence of twisted flux
tubes (see e.g. Chen et al. 2018; Liu et al. 2019), shear-
ing motion parallel to the polarity inversion line (see e.g.
Chae et al. 2001; Yan et al. 2015; Li et al. 2018), mag-
netic reconnection among pre-existed (and newly-emerged)
magnetic structures (see e.g. Yang et al. 2016; Zhou et al.
2016; Wang et al. 2017; Xue et al. 2017; Chen et al. 2018),
magnetic cancellation at the polarity boundary (see e.g.
Martin et al. 1985; Martin 1990; Gaizauskas et al. 1997;
Chae et al. 2000; Wang 2001; Chae 2003; Wang & Muglach
2013). These processes can link to the formation of and/or
material supplement to a filament channel.
How materials are supplied to a filament channel has
been a hot topic in the community, especially in the past
decade when more and more advance instruments are ac-
complished. The sources of filament materials are different
from case to case (see Parenti 2014, and references therein).
Two well-known scenarios include coronal source (i.e. coro-
nal condensation) and chromospheric source (i.e. cool plasma
injection, see e.g. Karpen et al. 2006; Song et al. 2017). For
any scenario, how the material supplement to a filament
channel takes place remains inconclusive. Here we summa-
rize a few studies on how cool plasmas are transferred from
chromosphere to a filament channel. Chae et al. (2000) ob-
served a transient flow field in a system of small Hα loops
that some merge into a filament, and the observed evolu-
tion of the chromospheric flows agrees with a scenario that
magnetic reconnection is a way of cool plasma injection in
a filament as is proposed by such as Priest et al. (1996).
Chae (2003) reported that a series of jets and small erup-
tions were taking place during the formation of the filament.
Liu et al. (2005) found that chromospheric surge materials
were injected from one terminal along the main axis of the
filaments or the filament channels and played an impor-
tant role in the formation of the filaments. Zou et al. (2016)
and Zou et al. (2017) found that filaments are maintained
by the continuous injection of cold chromospheric plasma
along the filament threads. Wang et al. (2018) observed the
formation of a filament via cool materials with a tempera-
ture of about 104 K ejected by a series of chromospheric jets
seen in Hα images. Their observations also suggest that the
jets are results of magnetic reconnection between pre-existed
magnetic fields and newly-emerged magnetic fields. Further-
more, Wang et al. (2019) reported in another case that the
jets forming the filament consist of both cool chromospheic
jets and warmer jets seen in He ii 304 A˚. A recent study with
numerical experiment (Zhou et al. 2020) found that turbu-
lences in the chromosphere can drive plasma evaporations
that feed materials to a filament.
Here, we report on multi-wavelength observations of the
dynamics of active-region filaments in Hα and extreme Ul-
traviolet (EUV) passbands. In this case eruptions of a small
filament and the consequences of its interactions with the
ambient magnetic structures result in magnetic reconfigu-
ration in the region and material supplement to a nearby
large filament. In what follows, we give the data description
in Section 2, the results and discussion in Section 3 and the
conclusions in Section 4.
2 OBSERVATIONS
The observations were taken on March 14 2013 with a tar-
get of AR NOAA 11692. The data were achieved by the
ground-based 1-m New Vacuum Solar Telescope (NVST,
Liu et al. 2014) of Yunnan Astronomical Observatories of
China, and the space-born Atmospheric Imaging Assem-
bly (AIA, Lemen et al. 2012) and the Helioseismic and Mag-
netic Imager (HMI, Schou et al. 2012) onboard the Solar Dy-
namics Observatory (SDO, Pesnell et al. 2012).
The NVST data include a series of filtergram images
taken at the centre of Hα line with a bandpass of 0.25 A˚.
The data have been fully calibrated and reconstructed (see
details in Xiang et al. 2016), and the cadence of the time
series is about 12 seconds. The stabilisation of the image
series was carried out by a fast sub-pixel image registration
algorithm (Feng et al. 2012; Yang et al. 2015). The spatial
size of a pixel of the Hα images is 0.17′′.
The images taken with the AIA passbands of 1600 A˚,
304 A˚, 171 A˚, 193 A˚, 211 A˚, 335 A˚,131 A˚ and 94 A˚ are anal-
ysed. The AIA data have a spatial resolution of 1.2′′, and
a cadence of 24 s for the 1600 A˚ passband and 12 s for the
rest. The analysed HMI line-of-sight magnetograms have a
cadence of 45 s and a spatial resolution of 1.2′′.
The images from different instruments and passbands
have been aligned by using multiple reference structures
(such as sunspots, bright dots, filament threads, etc.) in
passbands with closest representative temperatures.
3 RESULTS AND DISCUSSION
In Figure 1 and the associated animation, we show the evolu-
tion of the region of interest as seen in HMI, NVST and AIA.
We can see a large filament (LF) with an apparent length of
about 300′′ extending in the south-north direction, which is
clearly shown in Hα and AIA 304 A˚ and 171 A˚ (see the cyan
lines that mark a few filament threads in Figure 1a1&b1).
Above the filament, we observe overlying coronal loops in
the AIA 171 A˚ images (not shown here), which connect the
anti-polarity features at both sides of the filament (see the
magnetic features at the sides denoted by “P1” and “N1”
in Figure 1a1). It indicates that the large filament extends
along the polarity inversion line (PIL) between “P1” and
“N1”. Such a magnetic connectivity is also confirmed by mag-
netic extrapolation carried out for the same active region on
the next day (Kawabata et al. 2020, see their Figures 2&4).
At the west side of the LF, a small filament (SF) with an ap-
parent length of about 30′′ is seen (see the feature denoted by
yellow arrows in Figure 1b1&d1). The SF apparently locates
along the PIL between the anti-polarity features denoted by
“P2”and“N2”in Figure 1a1, and it shows a twisted structure
suggesting a sheared field lines (see e.g. DeVore & Antiochos
2000). Besides the main bodies of the two filaments, we also
see barbs of the LF connecting the region in the vicinity of
“P2” (see the black arrows in Figure 1d1).
While tracing the evolution of the region, we observe
MNRAS 000, 1–6 (2020)
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Figure 1. The region of interest viewed in the HMI line-of-sight magnetograms (a1–a4), AIA 304 A˚ (b1–b4) AIA 1600 A˚ (c1–c4) and
NVST Hα (d1–d4). The field-of-view shown in column (d) is marked in panel (b2) as the dotted-line square. The solid lines in cyan in
panels (a1) and (b1) outline a few threads of the LF, and the associated polarities are marked as “P1” and “N1”. The SF is denoted by
yellow arrows in panels (b1) and (d1), and its associated polarities are marked as “’P2’ and “N2” in panel (a1). The crosses in white
and black marked in panels (a1) are the visible footpoints of the LF, while the crosses in red are the footpoints of the overlying coronal
loops as seen in AIA 171 A˚ images. The red arrow in panel (d2) marks the plasma flow that might be the trigger of the SF eruption.
The green arrows in panels (b2), (c2) and (d2) denote the eruption site. The black arrows in the 4th column denote the barbs of the LF.
The yellow and blue lines in panels (a3) and (b3) mark the trajectories of the two-side-loop jet. The orange lines in panels (a3) and (d3)
mark the trajectory of the plasma flow along the LF barbs. The square in yellow in panel (c2) marks the compact brightening that is
used to produce the lightcurve shown in Figure 3b. (An online animation is provided.)
eruptions of the SF and the consequences of the interac-
tions with the surrounding magnetic structures. The erup-
tion starts at around 02:56 UT (see the second row of Fig-
ure 1 and the associated animation). About one minute be-
fore the eruption of the SF, we observed a flow with an ap-
parent speed of about 50 km s−1 (supersonic) injects into the
region (appearing as a dark feature in Hα, see the structure
denoted by the red arrow in Figure 1d2 and can be clearly
followed in the associated animation). This injection might
plays a role in the destabilization of the SF, but that should
require further theoretical study to confirm.
The eruption of the SF shows a complex morphology
in the site (see the location denoted by green arrows in
Figure 1b2,c2&d2) including multiple compact brightenings
seen in AIA 1600 A˚ observations (see Figure 1c2). Due to
their compact nature, these brightenings are very likely the
sites where the energy was deposited in the chromosphere
via nonthermal particles generated in the eruption of the SF.
Many of these brightenings are located in the vicinity of the
footpoints of the barbs of the LF. To investigate the thermal
structures of the erupted region, we apply a differential emis-
sion measure (DEM) analysis (Cheung et al. 2015; Su et al.
2018) on the images taken with AIA EUV passbands and
obtain the emission measure (EM) of the region. In Figure 2
and the associated animation, we show zoomed-in views of
the erupted region in AIA 94 A˚ and 171 A˚ channels and EM
images at a various temperature ranges. Besides the multi-
thermal nature of the eruption, we can see that the erupted
region consists of multiple fine structures in the EM maps,
which are consistent with the twisted appearance of the SF.
While the SF is lifted and moving toward the region of
the LF, we observed a bi-directional jet (see the trajectories
MNRAS 000, 1–6 (2020)
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Figure 2. The eruption of the SF seen in the AIA 94 A˚ and171 A˚
passbands and the derived EM maps at various temperature
ranges as noted. (An online animation is provided.)
Figure 3. (a): Time-distance plots taken from the northward
trajectory of the two-side-loop jet (see the yellow lines in Fig-
ure 1a3&b3) with the AIA 304 A˚ observations. (b): Time-distance
plots of the plasma flow along the LF barbs (see the orange lines
in Figure 1a3&d3) with the NVST Hα observations. The appar-
ent speeds derived from these plots are marked. The over-plotted
black solid line is the AIA 1600 A˚ lightcurve of a compact bright-
ening located in the vicinity the footpoints of the barbs and at
the end of the trajectory that used to produced this time-distance
map (see the yellow square in Figure 1c2).
Figure 4. A scenario interprets the interaction between the
erupted SF and the hot channel and how the materials are fed to
the LF. (See the main text for details.)
marked by yellow and blue lines in Figure 1a3&b3) that has
been analysed in detail and interpreted as a two-side-loop
jet by Yang et al. (2019). Small-scaled magnetic cancella-
tions associated with this event have also been reported by
Yang et al. (2019), suggesting disturbances in the lower at-
mosphere. Because we are not focus on the jet, here we show
the time-distance plots along the northward trajectory of
the jet (see the yellow line in Figure 1a3&b3) as seen in AIA
304 A˚ only (Figure 3a). In additional to Yang et al. (2019),
we would like to point out that the trajectory of the jet does
not follow any pre-exited Hα thread of the LF (clearly in the
north part, see the yellow line in Figure 1a3&b3 and the as-
sociated animation of Figure 1). This indicates that there is
a magnetic channel laid above the LF and it is not visible in
the images of Hα and AIA channels. This “invisible” chan-
nel might be an empty flux tube or a hot channel that is
evidenced by the X-ray images as shown in Kawabata et al.
(2020). The jet is most clearly seen with all AIA EUV pass-
bands, and the EM analyses suggest its multi-thermal nature
(see Figures 1&2). However, it does not show response in Hα
images, again suggesting its origin above the chromosphere.
Moreover, we would also like to mention that the northward
jet flow (yellow line in Figure 1a3&b3) is reversed about 15
minutes after the initiation of the jet flows and has trav-
eled for about 140′′(see Figure 3a). After about 03:30UT,
the hot channel has drained and again disappears from the
observations of the AIA EUV passbands. Thus, the jet does
not directly feed materials into the LF.
We also clearly observe plasma flows along the barbs of
the LF following to the eruption of the SF (see the black
arrows in Figure 1d1–d4). The plasma flows can be clearly
seen as dark features in the Hα images, and they are mostly
cool plasma as seen in the EM images (see Figure 2 and the
associated animation). The flows apparently follow the com-
pact brightening in the footpoints and start as propagations
of bright features (see Figure 3b). By tracing the evolution
of the LF in Hα images, we found that these plasma flows
apparently change the geometry of the LF (see the feature
denoted by black arrow in Figure 1d4). Thus, we conclude
that these plasma flows have fed materials to the LF. The
flows have an apparent speed of about 59 km s−1 measured
with the Hα time-distance plot (Figure 3b). Although we
cannot rule out the possibility that such apparent flows are
results of dark features drifting into the field-of-view, it is
very likely that they are real plasma flows because of the fol-
lowing darkening of the barbs seen in the Hα images. Since
the speed is much larger than the sound speed in the chro-
mosphere, if they are real plasma flows they should present
shock behaviours and a hint is that the brightenings propa-
gate ahead of the dark features in Hα observations (see the
bright structure in Figure 3b that start one to two minutes
before the dark one as marked by the blue line).
Based on the observations, we give our interpretation
for these processes in Figure 4. Before the eruption (Fig-
ure 4a), the LF includes its main threads (represented by
the red line) connecting “P1” and “N1” and barbs connect-
ing “P2” and “N1”; the SF connecting “P2” and “N2” is
represented by the yellow line; the hot channel laid above
the LF is shown as the blue line. When the SF is desta-
bilised, its threads are lifted up and encounter the hot chan-
nel above. That triggers magnetic reconnection between the
hot channel and the SF threads, which generates the two-
side-loop jet flows along the reconfigured hot channels (see
two blue lines in Figure 4b). We are aware of that this
reconnection does not change the general configuration of
the main filament, which is different from that proposed
in van Ballegooijen & Martens (1989). We believe that the
magnetic reconnection produces nonthermal particles, and
some of those travel along the field lines toward the chromo-
sphere at “P2” that cause heating in the region. The heating
in the chromosphere of “P2” destabilises the footpoints of
the barbs of the LF and results in shock flows that drive
MNRAS 000, 1–6 (2020)
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chromosperic plasma feeding to the LF. Alternatively, the
destabilisation in the footpoints of the barbs can cause tur-
bulences, which can generate chromospheric evaporation and
that feeds chromospheric plasma to the LF as shown in the
simulation of Zhou et al. (2020).
4 CONCLUSIONS
In the present, we report on NVST and SDO observations
of eruptions of a small filament (SF) with a size of about
30′′ and its interactions with the other magnetic structures
including a large filament with a size of about 300′′ in the
region. The SF and LF are above different polarity inversion
lines that belong to different magnetic patches, but there are
barbs of the LF connecting the patch of positive polarity of
the SF. The erupted SF threads encounter a magnetic chan-
nel above the LF that is previously invisible in Hα and AIA
EUV images. That produces a two-side-loop jet, which is
suggested to be a result of magnetic reconnection between
the SF threads and the magnetic channel. As a consequence
of the eruption, plasma flows are seen in the barbs of the LF
that connect the positive polarity of the SF, and these flows
appear to feed materials to the LF. We interpret that the
materials are fed to the LF via shock-driven plasma flows
or chromospheric evaporations, which both can be the con-
sequences of destabilisation in the chromospheric footpoint
region from the heating by nonthermal particles generated in
the magnetic reconnection associated with the two-side-loop
jet. Our observations demonstrate that the destabilisation
in the footpoints of a barb can indeed drive chromospheric
plasma feeding to the filament.
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